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Abstract: Digital image correlation methods were used for 
further studies of the viscoelastic Poisson’s ratio of solid 
propellants. The Poisson's ratio and the Young's relaxation 
modulus of solid propellants were separately determined in 
a single stress relaxation test. In addition, the effects of 
temperature, longitudinal strain, preload and storage time 
on the Poisson’s ratio of solid propellants were discussed. 
The Poisson’s ratio master curve and the Young's relaxation 
modulus master curve were constructed based on the 
time-temperature equivalence principle. The obtained re- 
sults showed that the Poisson’s ratio of solid propellants is 


a monotone non-decreasing function of time, the instanta- 
neous Poisson’s ratio increased from 0.3899 to 0.4858 and 
the time of the equilibrium Poisson's ratio occurred late 
when the temperature was varied from —30°C to 70°C. 
The Poisson's ratio increased with temperature and longitu- 
dinal strain, decreased with preload and storage time, 
while the amplitude Poisson’s ratio increased with preload, 
decreases with longitudinal strain and storage time. The 
time of the equilibrium Poisson’s ratio occurred in advance 
with the increase of longitudinal strain, preload and storage 
time. 
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1 Introduction 


The viscoelastic Poisson's ratio, v(t), is a material mechanical 
property, which is closely related to time, temperature, and 
strain [1-11]. Solid propellants are viscoelastic materials 
and the Poisson's ratio of solid propellants is an essential 
input parameter in structural integrity analysis of solid 
rocket motors (SRM). It has been shown that changes of 
the Poisson’s ratio in micrometer level have great influence 
on the structural integrity analysis of solid rocket motors 
[12,13]. It is commonly assumed that the Poisson’s ratio is 
a material constant and independent of temperature and 
strain [14,15]. In addition, the aging effect on the Poisson’s 
ratio attracts attention in the shelf life prediction of propel- 
lants [16]. Thus, there are practical as well as theoretical as- 
pects that make it highly desirable to stimulate the experi- 
mental determination of the Poisson’s ratio of solid propel- 
lants on a secure analytical foundation. 

Previously, it has been attempted to use many direct or 
indirect methods measure viscoelastic Poisson's ratio for 
a long time. Kugler et al. measured both the uniaxial exten- 
sion and the lateral contraction on a glass bead filled, com- 
pounded Hypalon rubber using electro-optical extensome- 
ter in stress relaxation tests. They conducted the stress re- 
laxation tests at five constant strain levels and accounted 
for the strain-dependence of the Poisson’s ratio through an 
equation of Smith [17,18]. Knauss et al. measured the time- 
dependent Poisson's ratio of commercial poly by using 
a speckle interferometric technique at 12 temperatures 
ranging from 25°C to 125°C [19]. Chen et al. used dynamic 
thermomechanical analysis (DMA) to simultaneously ac- 
quire Young's relaxation modulus and time-dependent 


DOI: 10.1002/prep.201500313 


© 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 


Poisson's ratio of an epoxy molding compound (EMC) with 
the assumption of constant bulk modulus. They found the 
viscoelastic Poisson’s ratio of EMC varies significantly over 
time from 0.4 to 0.496, and can’t be assumed as a constant 
[8]. Md et al. conducted relaxation tests at different tem- 
peratures in diametrical mode to obtain Poisson's ratio of 
asphalt concrete (AC) [7]. In addition, they also performed 
cyclic load test at different temperatures and loading fre- 
quencies to determine the temperature- and frequency-de- 
pendent Poisson's ratio of AC. Measurements of viscoelastic 
moduli in torsion and bending have been conducted at 
ambient temperature, 22°C, using broadband viscoelastic 
spectroscopy by Dong. The Poisson's ratio was inferred 
from frequency-dependent torsional and bending moduli 
[9]. 

Based on the integral transform relations of stress relaxa- 
tion modulus, body modulus and viscoelastic Poisson's 
ratio, the viscoelastic Poisson’s ratio of solid propellants 
was calculated by using the inversion of Laplace transform 
and numerical integral [1]. He et al. built cylindrical motors 
method to determine the Poisson’s ratio of solid propel- 
lants [5]. According to the maximum radial deformations of 
the perforations of cylindrical motors with two different 
outer-inner radial ratios after having been cured and drop- 
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ped in the temperatures, the Poisson's ratio at different 
temperatures was fit out by use of FEM. 

Experimental determination of the time-dependent vis- 
coelastic Poisson’s ratio of solid propellants using an accu- 
racy-enhanced 2D digital image correlation method (DICM) 
has been conducted by Pan [10,20-24]. The results reveal 
that, by adequately eliminating the measurement errors as- 
sociated with the unavoidable out-of-plane displacements 
and lens distortion, the present DICM can be used for pre- 
cise determination of the viscoelastic Poisson's ratio of 
solid propellants. The successful, highly accurate, simultane- 
ous determination of two viscoelastic response functions is 
of great theoretical interest. However, the Young's relaxa- 
tion modulus was not determined in his test and the ef- 
fects of temperature, longitudinal strain, preload, and stor- 
age time was not considered in his study. In addition, the 
Poisson’s ratio is so high and shows an increasing trend to 
the incompressible value of 0.5 within 1000s at ambient 
temperature. Therefore, further studies are needed to anal- 
ysis the effects of temperature, longitudinal strains, preload, 
and storage time on the Poisson’s ratio of solid propellants 
using DICM. 

From the above discussion, it is evident that the Pois- 
son’s ratio and the Young's relaxation modulus of solid pro- 
pellants have not been determined in a single test sepa- 
rately, so far, through stress relaxation test. The Poisson’s 
ratio master curve simultaneous to the Young's relaxation 
modulus master curve of solid propellants based on the 
time-temperature equivalence principle which is required 
for the structural integrity analysis of SRM in time domain, 
the effects of temperature, longitudinal strain, preload and 
storage time on Poisson’s ratio of solid propellants are 
studied herein. 


2 Objectives 


The main objectives of the study are to: 


(a) Determine the time and temperature dependent Pois- 
son's ratio of solid propellants using DICM simultane- 
ously acquires the Young's relaxation modulus by 
stress relaxation test. 

(b) Construct the Poisson's ratio master curve and Young's 
relaxation modulus master curve based on the time- 
temperature equivalence principle. 

(c) Analyze the factors, which affect the value of Poisson’s 
ratio, including longitudinal strain, preload and storage 
time. 


3 Principles of Measurement 
3.1 Digital Image Correlation Method 


DICM is a technology that using computer to process 
images through a certain algorithm. DICM uses CCD 
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(charge-coupled device) camera to record the digital speck- 
le patterns of tested surface before and after deformation. 
The sub-region around each point on the speckle filed may 
show distinctly different intensity distribution characteris- 
tics which will help DICM measure displacement and defor- 
mation of the point by using some search algorithm. 

Figure 1(a) shows the speckle pattern before deformation 
and I(x, y) is used to characterize it's grey field. Figure 1(b) 
is the speckle pattern after deformation and I(x’, y’) is used 
to characterize it's grey field. P(x, y) is a point on tested sur- 
face and a sub-region A centered around the point is se- 
lected sized at mxn pixels. Sub-region A will move to 
a new position and change its shape, the new region is 
called sub-region A’, simultaneously the grey field changes 
from I(x, y) to I'(x’, y’) and the central point of sub-region A 
changes from P(x, y) to P’(x’, y). By this stage, the grey field 
of sub-region A and sub-region A’ will get the maximal cor- 
relation coefficients. 


before deformation 


(b) after deformation 


| | | | | 


y P(x'y") O"(x't A x’ y+ A y) 


Figure 1. Schematic diagram of DICM. 
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By using a certain algorithm to make correlation opera- 
tion, the sub-region A’ centered around the point P(x’, y) 
will be found after deformation when the grey field of sub- 
region A and Sub-region A’ get the maximal correlation co- 
efficients. The displacement components of P’(x’, y’), u(x, y) 
and v(x, y), can be expressed as [23, 24]: 
es y)=x'-x 

v(x, y)=y'-y i 


The full displacement field can be obtained after dealing 
with enough points of the speckle pattern follow the in- 
structions above. Figure 2(a) and Figure 2(b) are a set of re- 
sults, from which we can get the displacement in the x and 
y direction. 

In order to obtain full strain field, the continuous dis- 
placement field is measured based on least-square fitting 
first. The displacement can be predicted by displacement 
polynomial function. For example, the x and y directional 
virtual displacements can be expressed as: 

U(x, y)=a, +axtay 
ee =h+hxt+by @) 


where do, Gy, A» bo, bi, and b, are parameters. 

Full strain field will be obtained with the displacement 
polynomial function above based on the geometric rela- 
tionship between the displacement and strain. For the con- 
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(b) x (pixel) 


Figure 2. Displacement distribution of x and y direction (a) x dis- 
placement, (b) y displacement. 
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dition of small deformation, the Cauchy strain can be ex- 
pressed as 


c= MEY) a (3) 


= EY), One) =a, +3, 
oy Ox 

or, for the condition of limited deformation, the Green 

strain can be expressed as: 


eet GD +9 +50 +8) 


a 1,0 2 

6 + = + (a +B) 
ey D, EER ay 

Te = A ax 2 Oxay | Oxdy 


= iia, +8)+3(aa, +hb,) 


) 


3.2 Viscoelastic Poisson’s Ratio 


The viscoelastic Poisson’s ratio, v(t), is defined as resulting 
from the response of a homogeneous isotropic material to 
the imposition of a step function of time, h(t), in the infini- 
tesimal uniaxial extension. Given that the deformation is 
a strain, €°, applied in the x direction, the viscoelastic Pois- 
son’s ratio can be expressed as [11]: 


v(t)=—«,(t)/ E (5) 


where e is the longitudinal deformation in the x-direction, 
whereas g,(t) is the deformation in one of the transverse di- 
rections. 

The viscoelastic Poisson’s ratio, v(t), can be obtained by 
stress relaxation test based on the definition above. The 
longitudinal deformation is always relative to the time for 
the laboratory apparatus can’t provide step longitudinal de- 
formation actually. The total response of the system can be 
regarded as linear superposition of numerous tiny respons- 
es based on the Boltzmann overlapping principle through 
dividing the time into a series of time intervals. If the tiny 
step longitudinal deformation is de,(t) for time t, the lateral 
strain is de,(t)=—v(t—t) de,(t) for time t, which varies con- 
tinuously within the range of [0, t]. The total lateral strain 
can be obtained based on the Boltzmann overlapping prin- 
ciple and expressed as [1]: 


28 26.04, 5 


eN =-f v 


The response of the lateral strain, e(t), always lags 
behind longitudinal strain, ¢,(t), which can be predicted 
from Equation (6). The viscoelastic Poisson's ratio, v(t), is 
a memory function of the lateral strain, ¢,(t). There is a he- 


reditary integral relationship between v(t), e(t), and e(t) 
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rather than a simple algebraic relation. Further, from Equa- 
tion (6) it can be conlcuded: 


—é,(th=v(the + five- nO ar (7) 


If it is assumed that ¢,(t)=e,, then Equation (7) can be 
simplified as: 


KOERA OLA (8) 


As a supplement to introduce, the Prony series of Pois- 
son’s ratio can be expressed as: 


t 


N, at 
V(t)=Vo + Dv, (1-e my (9) 


n=1 


or, equivalently: 


N, ak 
V(N=V,.- piv, * (10) 


n=1 


where v, is the instantaneous Poisson’s ratio, v,, is the 
equilibrium Poisson's ratio, N, is the number of terms in 
the Prony series, t represents time, tY and v, are undeter- 
mined coefficients. In addition, this paper introduces the 
time for reaching the equilibrium Poisson’s ratio, t;, and the 
amplitude Poisson's ratio which can be expressed as: 


Va = VoVo (11) 


4 Laboratory Test 
4.1 Specimen, Fixture, and Test System 


The material studied in this paper is hydroxyl-terminated 
poly-butadiene (HTPB) propellant. The test tensile specimen 
is designed as a dumbbell-salt shape according to the aero- 
space industry standard of PRC, QJ 924-85, as shown in 
Figure 3(a). A fixture is designed, as illustrated in Fig- 
ure 3(b), used to hold the test tensile specimen and keep 
the uniaxial extension. 

The test system includes two parts, image collecting sub- 
system and test environment subsystem, as illustrated in 
Figure 4 and Figure 5. Light source is used to avoid the in- 
fluence of nature light and provide a brighter vision in test 
chamber. We use the bilateral telecentric lens and a 5.1 
megapixel CCD camera to record real-time digital speckle 
patterns when the test runs. The centerline of the lens is 
still prependicular to the surface of specimen. The storage 
and caculation of the images are processed by computer 
automatically. The image collecting subsystem can get 
a clear image of the sample surface with a field of view of 
5x5 mm’. 

The test under low temperature required for the properi- 
ties of SRM at low temperature is strongly concerned. The 
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(a) 


(b) 


— > Fixture 


Load 
Specimen 


Fixture 


Figure 3. Test specimen and it’s fixture. 


test environment subsystem can provide different tempera- 
ture conditions with the heating and cooling unit. The hot 
and cold stream are transmitted to test chamber through 
pipe unit. Two thick screw rods connect the fixtures with 
upper beam and movable beam in order to good align- 
ment capability and stable retaining the specimen. The 
maximal speed of the movable beam can reach to 
600 mmmin”'. The force sensor records the force on the 
specimen from which we can get the Young’s relaxation 
modulus. 

The test window, as illustrated in Figure 6, is special for 
its complex constructs and purpose. The transparency of 
the test window is over 96%, and the complex constructs 
can prevent the frosting and fogging of the glass of the 
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Figure 4. Image collecting subsystem. 


Upper beam 
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Test window 


Electronic control unit 


Pipe unit mj 
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Limiting device «—| 


Screw rod 


Botton beam 


Temperature regulating device 


Figure 5. Test environment subsystem. 


Super-white glass 


ZTN 


Hollow section Edge sealing 
Figure 6. Schematic diagram of test window. 


Supporting point 


Vacuum section 


test window even at —30°C. The test window is divided 
into two parts, hollow section and vacuum section, by 
three super-white glasses. The test window is sealed by 
edge sealing at four edges. The heat transfer coefficient of 
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Figure 7. Image of testing scenarios. 


the test window can as low as 1.1 w per (m’k) through 
test. The glasses won't get squashed by atmospheric pres- 
sure because of the supportive power from supporting 
points. 

An image of testing scenarios is shown in Figure 7, the 
door of the test chamber is open for clarity and it will be 
closed while the test runs. The digital speckle patterns of 
tested surface and the force recorded by the force sensor 
on the specimen are transmitted to the computer for fur- 
ther calculation. 

It is worth mentioning that, in order to avoid the influ- 
ence of the additional stiffness on specimen, we use the 
grains of aluminum on the surface of specimen as the natu- 
ral speckle pattern rather than use artificial speckle which 
may produce errors more or less. The natural speckle pat- 
tern on the surface of specimen is shown in Figure 8. 


3 


=) Natural speckle pattern 


»y 


a 


Figure 8. Natural speckle pattern on the surface of specimen. 
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4.2 Design of Tests 


Propellants used in tests have the same components, man- 
ufactured by the same processing technique and stored in 
the same environment. There are 13 tests are designed to 
complete the objectives of this paper. The test tempera- 
tures selected covers a wide range to examine the effect of 
temperature on Poisson's ratio. However, the longitudinal 
strain selected a small range to keep the strain in the linear 
viscoelastic range [7]. Detailed descriptions of the tests are 
presented in Table 1. Note that the specimen should be 
under the constant test temperature for 40 min in order to 
achieve a completely uniform temperature distribution in 
the specimen body before test. 


Table 1. Design of test. 


No Temperature Longitudinal 


Preload Storage time Test 


[°C] strain [%] [N] [year] time [s] 
1 70 3.5 0.5 1 45000 
2 50 3.5 0.5 1 45000 
3 20 3.5 0.5 1 45000 
4 0 3.5 0.5 1 45000 
5 —15 3.5 0.5 1 45000 
6 —30 3.5 0.5 1 45000 
7 20 3.5 0.5 2 2500 
8 20 3.0 0.5 2 2500 
9 20 2.5 0.5 2 2500 
10 20 3.5 1.5 2 2500 
11 20 3.5 2.5 2 2500 
13 20 3.5 0.5 4 2500 


5 Results and Discussion 


5.1 The Effects of Temperature on the Poisson’s Ratio 


The Poisson's ratios at different temperatures are presented 
in Figure 9. It shows that the Poisson’s ratio of solid propel- 
lants is a monotone non-decreasing function of time. With 
the increase of ambient temperature, the Poisson's ratio in- 
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Figure 9. Result of measurement under different temperatures. 
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creases. For example, the instantaneous Poisson’s ratio are 
0.3897, 0.4001, 0.4510, 0.4680, and 0.4858 at —30°C, 
—15°C, 0°C, 20°C, 50°C, and 70°C, respectively. The instan- 
taneous Poisson's ratio increases by 0.0001 for 10°C in- 
crease in temperature on average. 

In addition, by fitted test results, the Poisson’s ratio 
reached to 0.4946 which is close to 0.5 at the end of the 
test at 70°C, but the value is not the equilibrium Poisson’s 
ratio. The increment of Poisson's ratio is not significant 
after 3x 10* s at 50°C and the Poisson's ratio approaches 
the equilibrium Poisson’s ratio, 0.4774. The equilibrium 
Poisson’s ratio appears at —30°C, —15°C, 0°C and 20°C 
after 4500 s, 6500 s, 8900s, and 10000 s, respectively. The 
results indicate that the time of the equilibrium Poisson's 
ratio occurs in advance with the increase of temperature. 
Moreover, the test date has better stability at lower temper- 
ature, which may be caused by less molecular motion. 

The solid propellant is thermorheological simple material 
and the material mechanical properties always satisfy the 
time-temperature equivalence principle. The Poisson’s ratio 
master curve is fitted, as illustrated in Figure 10, according 
to the method used on Young's relaxation modulus master 
curve. According to the Williams-Landel-Ferry (WLF) equa- 
tion [25]: 


-C (T-T,) 
logar = OTT. na 
2 s 


where log(a;) is the shift factor, T is the current tempera- 
ture, T, is the reference temperature, C, and C, are material 
constants. 

The coefficients of WLF equation, C,=9.1627, G= 
—63.3151, obtained based on the nonlinear least square 
method at the reference temperature, T,=20°C. At the 
same time, the Young's relaxation modulus master curve is 
fitted, as illustrated in Figure 11, with the coefficients of 
WLF equation, C, =22.0121, C, =553.0371, at the reference 
temperature, T,=20°C. 
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Figure 10. Poisson’s ratio master curve. 
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Figure 11. Young's relaxation modulus master curve. 


0.425 | Or no 
[Spo noc oe Perea cee A 
S p 
2 0A bd 
g d 
E 0.415 F PDD ‘DabhahhaaabhahhahaaaAR 
A Ds 
2 
1.41 $ | 
<x 0.41 25% 
o 30% 
| 
0.405 | E 
0.44 + 
500 1000 1500 2000 2500 


time/s 


Figure 12. Result of measurement under different longitudinal 
strain. 


5.2 Effects of Longitudinal Strain on the Poisson’s Ratio 


Poisson’s ratios at different longitudinal strain are present- 
ed in Figure 12. It can be directly perceived through 
Figure 12 that the Poisson’s ratio increases as the increase 
of longitudinal strain. The instantaneous Poisson’s ratios are 
0.4218, 0.4155, and 0.4053 when the longitudinal strain are 
3.5%, 3.0%, and 2.5%, respectively. The instantaneous Pois- 
son’s ratio increases by 0.0165 for 1% increase in longitudi- 
nal strain on average. In addition, the amplitude Poisson's 
ratios are 0.0048, 0.0085 and 0.0090 when the longitudinal 
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strain are 3.5%, 3.0% and 2.5%, respectively. The amplitude 
Poisson's ratio decreases by 0.0042 for 1% increase in lon- 
gitudinal strain on average. Furthermore, the equilibrium 
Poisson's ratio occurs in advance with the increase of longi- 
tudinal strain, as we can see the time reach to the equilibri- 
um Poisson’s ratio are 500s, 900s, and 1000s when the 
longitudinal strain are 3.5%, 3.0%, and 2.5%, respectively. 
The parameters of the Prony series for the Poisson’s ratio 
under different longitudinal strain are shown in Table 2, 
while the number of the terms in the Prony series is 5. 


5.3 Effects of Preload on the Poisson’s Ratio 


Force is needed to hold the specimen at the beginning of 
the test, it may be big even the specimen is treated very 
carefully. The force, called preload, has important influence 
on stress relaxation test for the solid propellant is very sen- 
sitive to force. The Poisson’s ratios at different preload are 
presented in Figure 13. As can be seen, the Poisson's ratio 
increases with the decrease of preload. For example, the 
equilibrium Poisson's ratios are 0.4035, 0.4193, and 0.4266 
when the preload are 2.5N, 1.5N and 0.5N, respectively. 
The equilibrium Poisson’s ratio increases by 0.0111 for 1N 
decrease in preload on average. It is a remarkable fact that 
the instantaneous Poisson’s ratio can be smaller than 0.4 
which is a theory deduced by Hao [2] at 20°C. In addition, 
the amplitude Poisson’s ratios are 0.0048, 0.0051, and 
0.0063 when the preload are 0.5 N, 1.5 N and 2.5 N, respec- 
tively. The amplitude Poisson’s ratio increases by 0.0040 for 
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Figure 13. Result of measurement under different preloads. 


Table 2. Parameters of the Prony series for the Poisson's ratio under different longitudinal strain. 


Condition n=0 n=1 

e0 =2.5% TY [s] - 87.6985 
Va 0.4053 0.0087 

£2 =3.0% TY [s] - 25.4806 
Va 0.4155 —0.0046 

e2 =3.5% tT [s] - 15.2631 
Va 0.4218 0.0040 
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n=2 n=3 n=4 n=5 
146.4565 244.5823 408.4525 682.1157 
—0.01571 0.0220 —0.0109 0.0032 
50.9611 101.9222 203.8445 407.6889 
0.0059 0.0037 —0.0014 0.0048 
33.5789 73.8736 162.5219 357.5483 
—0.0089 0.0081 0.0011 0.0005 
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Table 3. Parameters of the Prony series for the Poisson's ratio under different preload. 


Condition n=0 n=1 n=2 n=3 n=4 n=5 

F=2.5N TY [s] - 1.5773 5.5205 19.3220 67.6272 236.6953 
Va 0.3972 0.0186 —0.0297 0.0168 —0.0018 0.0025 

F=1.5 N TY [s] - 3.7317 9.7397 25.4207 66.3482 173.1689 
Vy 0.4142 0.0097 —0.0100 0.0062 0.0046 0.0006 

F=0.5 N T [s] — 15.2631 33.5789 73.8736 162.5219 357.5483 
Va 0.4218 0.0040 —0.0089 0.0081 0.0011 0.0005 


1N increase in preload on average. Furthermore, the equi- 
librium Poisson’s ratio occurs in advance with the increase 
of preload, as we can see the time reach to the equilibrium 
Poisson’s ratio are 500 s, 250 s, and 150 s when the preload 
are 0.5 N, 1.5 N, and 2.5 N, respectively. The parameters of 
the Prony series for the Poisson’s ratio under different pre- 
load are shown in Table 3 while the number of the terms in 
the Prony series is 5. 


5.4 Effects of Storage Time on the Poisson’s Ratio 


The Poisson's ratio of propellants stored for 4 years is 
shown in Figure 14. The result is smaller than that obtained 
from propellants which stored for 1 or 2 years in Figure 11 
and Figure 12 at the same test environment. As illustrated 
in Table 4, the instantaneous Poisson’s ratio decreases from 
0.4510 to 0.3955, the equilibrium Poisson's ratio decreases 
from 0.4664 to 0.3991, as the storage time varies from 
1 year to 4 years. In addition, the amplitude Poisson’s ratios 
are 0.0154, 0.0048, and 0.0036 when the storage times are 
1 year, 2 years, and 4 years, respectively. The amplitude 
Poisson's ratio decreases by 0.0056 for 1 year increase in 
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Figure 14. Poisson’s ratio of propellant stored for 4 years. 


Table 4. Test results of propellants with different storage time. 


Storage time [year] Vo Veo Vp tę [s] 

1 0.4510 0.4664 0.0154 10000 
2 0.4218 0.4266 0.0048 500 
4 0.3955 0.3991 0.0036 250 
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storage time on average. Furthermore, the equilibrium 
Poisson's ratio occurs in advance with the increase of stor- 
age time, as we can see the time reach to the equilibrium 
Poisson’s ratio are 10000 s, 500 s and 250 s when the stor- 
age time are 1 year, 2 years and 4 years, respectively. 


6 Conclusions 


The study investigates the effects of time, temperature, lon- 
gitudinal strain, preload and storage time on the Poisson's 
ratio of solid propellants by the stress relaxation tests using 
DICM. The Poisson’s ratio and the Young’s relaxation modu- 
lus of solid propellants are determined in a single stress re- 
laxation test separately. In addition, the Poisson’s ratio 
master curve and the Young's relaxation modulus master 
curve are constructed based on the time-temperature 
equivalence principle. Based on the findings of the study, 
the following conclusions can be made 


(a) The Poisson's ratio of solid propellants is a monotone 
non-decreasing function of time, with the increase of 
ambient temperature, the Poisson’s ratio increases. In 
addition, the occurring time of the equilibrium Pois- 
son’s ratio advances with the increase of temperature. 
The extra high Poisson’s ratio determined by Pan may 
be caused by the artificial speckle on the surface of the 
specimen; it can’t represent the true state of the sur- 
face of the specimen. 

(b) The Poisson's ratio master curve and Young's relaxation 
modulus master curve are constructed based on the 
time-temperature equivalence principle. The coeffi- 
cients of WLF equation, C, =9.1627, C, = —63.3151, ob- 
tained based on the nonlinear least square method at 
the reference temperature, T;= 20°C. At the same time, 
the Young's relaxation modulus master curve is fitted, 
with the coefficients of WLF equation, C,=22.0121, 
C,=553.0371, at the same reference temperature, 
20°C. 

(c) Increasing longitudinal strain, decreasing preload and 
storage time increase the Poisson's ratio. Decreasing 
longitudinal strain and storage time causes increasing 
preload increase the amplitude Poisson’s ratio. 

(d) In addition, the time of the equilibrium Poisson’s ratio 
occurs in advance with the increase of longitudinal 
strain, preload and storage time. 
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